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(57) Abstract: The invention relates to an electrical machine of the transversal-flux type. The machine comprises a stator (1) and 
a movable element (2). The stator has a plurality of stator elements (9, 10) with magnetic flux conductors and an electric winding 
(12) extending in a closed winding path through each magnetic flux conductor. The movable element (2) comprises a number of 
permanent-magnet members (15) and is movable in relation to the stator along a movement path. The winding path comprises a 
first current-carrying section (12) extending along the movement path. Each magnetic flux conductor forms, together with one of 
the permanent-magnet members (15), a closed magnetic flux circuit around said current-carrying section. Each permanent-magnet 
member comprises a primary magnet (16) with a magnetic direction across the movement path. Adjacently located permanent- 
magnet members (15) are separated from each other by an intermediate member (40) comprising at least one secondary magnet (4 1 , 
42) that has a magnetic direction essentially across the magnetic direction of the primary magnet (15). 
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An electrical machine and use thereof 

TECHNICAL FIELD AND BACKGROUND ART 

5 The present invention relates to an electrical machine of 
the transversal-flux type according to the preamble to claim 
1 (see WO01/78218 (ABB AB) and WO01/78219 (ABB AB) ) . The in- 
vention also relates to a use of such an electrical machine. 

10 Conventional electrical machines operate according to the 
so-called longitudinal- flux principle, which means that the 
magnetic flux plane of each stator element is parallel to 
the direction of movement of the. rotor. US-A-5 , 177 , 142 (Von 
Zweygbergk) discloses an electrical machine that operates 

15 according to the so-called transversal-flux principle. This 
known machine comprises a rotating rotor with a number of 
permanent magnets and a stator with a corresponding number 
of stator elements that are arranged in such a way that the 
induced magnetic flux substantially follows a path perpendi- 

20 cular to the direction of rotation of the rotor. The known 
machine is characterized by a high power or torque density, 
that is, a large power or a large torque in relation to the 
volume or physical size of the machine is obtained. US-A- 
5,177,142 discloses rotating machines of the transversal- 

25 flux type. 

WO01/78218 and WO01/78219 both disclose a linear electrical 
machine of the transversal- flux type. The known machine 
comprises a stator with a plurality of magnetic flux con- 

30 due tors and an electric conductor that forms a winding 
extending in a closed winding path through each magnetic 
flux conductor. The machine also comprises a movable element 
with a number of permanent-magnet elements. The movable 
element describes a reciprocating motion in relation to the 

35 stator along a movement path in a space with a finite 

length. The closed winding path comprises a first current- 
carrying section extending essentially parallel to the 
movement path. Each magnetic flux conductor together with 
one of the permanent-magnet elements forms a closed magnetic 
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flux circuit extending around the current-carrying section. 
The magnetic flux conductors are arranged in an alternating 
order with respect to the direction of the magnetic flux in 
relation to the permanent-magnet elements and the magnetic 
5 flux circuit, respectively. 

As mentioned above, transversal-flux machines are charac- 
terized by a high power or torque density, that is, the 
power or torque that may be obtained is great in relation to 

10 the physical size of the machine. Further, the power in a 
transversal machine, contrary to that of a conventional 
electrical machine, is directly proportional to the number 
of poles of the stator and the rotor or the movable element. 
As shown in the above-mentioned WO01/78218 and WO01/78219, a 

15 transversal machine may be made very compact, that is, with 
a large number of poles in a relatively small machine. How- 
ever, the high torque density of known transversal- flux 
machines is associated with a relatively low power factor, 
that is, both the machine and the control unit must be de- 

2 0 signed for relatively great dimensional outputs compared 

with their active rated powers. The reason for the low power 
factor is that known transversal-flux machines have a rela- 
tively great leakage of the magnetic flux, which results in 
a weak magnetic coupling between the stator and the movable 

25 element or rotor. The magnetic leakage, which is of a cer- 
tain magnitude in all types of electrical machines, means 
that part of the magnetic flux disappears from the imaginary 
magnetic flux circuit without performing any work. The 
leakage thus deteriorates the efficiency of the machine. 

30 

In the above-mentioned electrical machines of transversal- 
flux type, leakage may arise both in the stator and in the 
movable element or the rotor. In the stator, leakage may 
arise between adjacent magnetic flux conductors in those 
35 sections where the magnetic flux extends in opposite direc- 
tions in the adjacent magnetic flux conductors. In the ro- 
tor, leakage may arise between adjacent permanent magnets 
since these have a magnetic flux in opposite directions. 
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SUMMARY OF THE INVENTION 

The object of the present invention is to provide an elec- 
trical machine of the transversal-flux type with a high 
5 torque density and with improved power factor, that is, with 
a small magnetic leakage. ■ 

This object is achieved with the electrical machine descri- 
bed in the introductory part of the description, which is 

10 characterized in that adjacent permanent -magnet members of 
the movable element are separated from one another by an 
intermediate member that comprises at least one secondary 
magnetic which has a north pole and a south pole and a mag- 
netic direction that extends from the south pole to the 

15 north pole and essentially across the magnetic direction of 
the primary magnet. 

With such a secondary magnet, the magnetic flux leakage in 
the movable element between adjacent permanent magnets may 

20 be reduced by compensating the secondary magnet for the 

leakage. The secondary magnet creates an addition of magne- 
tic flux from the rotor to the stator in a magnetic flux 
circuit and from the stator to the rotor in an adjacent mag- 
netic flux circuit. More exactly, the magnetic direction of 

25 the secondary magnet may advantageously extend essentially 
parallel to the movement path. The movement path may be a 
straight or somewhat curved line, along which the movable 
element moves, for example in a reciprocating motion. The 
movement path may also consist of a circle, whereby the 

3 0 movable element rotates around a centre point. 

According to another embodiment of the invention, each in- 
termediate member of the movable element comprises two se- 
condary magnets. The secondary magnets of an intermediate 
35 member between the first and second adjacent permanent- 
magnet members may then advantageously be arranged in such a 
way that the first secondary magnet is in the vicinity of 
the north pole of the primary magnet of the first permanent- 
magnet member and the south pole of the primary magnet of 
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the second permanent -magnet member and so that the second 
secondary magnet is in the vicinity of the south pole of the 
primary magnet of the first permanent-magnet member and the 
north pole of the primary magnet of the second permanent - 
5 magnet member. In this way, the magnetic flux at each 
permanent -magnet member will be concentrated at the two 
poles in a direction to or from the magnetic flux conductors 
of the stator. 

10 According to a further embodiment of the invention, each in- 
termediate member of the movable element comprises a layer 
of a magnetically insulating material outside of the two 
secondary magnets. Such a layer may, for example, be formed 
from non-magnetic material, such as stainless steel, and 

15 contributes to prevent demagnetization of the secondary mag- 
nets by so-called armature reaction. 

According to still another embodiment of the invention, each 
permanent-magnet member comprises a first magnetic flux con- 

20 due tor on one side of the primary magnet and a second magne- 
tic flux conductor on the other side of the primary magnet. 
Further, the secondary magnets of an intermediate member 
between two adjacent permanent -magnet members may advan- 
tageously be arranged in such a way that the first secondary 

25 magnet extends between said first magnetic flux conductor of 
the two permanent -magnet members and so that the second 
secondary magnet extends between said second magnetic flux 
conductor of the two permanent-magnet members. With such a 
design, the north poles of two secondary magnets and one 

30 primary magnet may all be directed towards, for example, the 
first magnetic flux conductor and the south poles of two 
secondary magnets and one primary magnet all be directed 
towards, for example, the second magnetic flux conductor. In 
this way, the total pole area towards the magnetic flux 

35 conductors will be large and the magnetic flux conductors 

will concentrate the magnetic flux in a direction to or from 
the stator. 
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According to yet another embodiment of the invention, the 
magnetic direction of said secondary magnet is essentially 
perpendicular in relation to the magnetic direction of the 
primary magnets. Further, each magnetic flux circuit may 
5 comprise a magnetic flux that is parallel to a plane which 
is essentially perpendicular to the movement path. The dis- 
tance between a centre of adjacent permanent-magnet members 
is advantageously equal to the distance between a centre of 
adjacent magnetic flux conductors in the stator. Further, 
10 the magnetic flux conductors of the stator may then be ar- 
ranged in an alternating order with respect to the direction 
of the magnetic flux in relation to the permanent-magnet 
members in the respective magnetic flux circuit. 

15 According to a still further embodiment of the invention, 
the essentially closed winding path comprises a second 
current -carrying section extending essentially parallel to 
the movement path. In this way, a very large part of the 
essentially closed winding path may be utilized for genera- 

20 tion of current and hence the losses are kept at a very low 
level. Further, the first current-carrying section of the 
winding path may be associated with essentially a first half 
of said magnetic flux conductors and the second current- 
carrying section of the winding path be associated with an 

25 essentially second half of said magnetic flux conductors. 
Preferably, the permanent-magnet members of the movable 
element are adapted to cooperate with those magnetic flux 
conductors of the stator which are associated with the first 
current-carrying section, and those magnetic flux conductors 

30 of the stator which are associated with the second current- 
carrying section. 

According to an additional embodiment of the invention, each 
magnetic flux conductor comprises at least one magnetic 
35 flux-conducting section, wherein said sections of each 

magnetic flux conductor are arranged in a line one after the 
other which is parallel to the movement path, wherein the 
magnetic flux of said sections of each magnetic flux con- 
ductor extends essentially in the same direction and wherein 
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a dividing member is arranged between each pair of adjacent 

magnetic flux conductors and comprises main sections that 
include a magnetically conducting material and extend along 
said sections. In such a magnetic flux-conducting dividing 
5 member and adjacent sections of the magnetic flux conduc- 
tors, the magnetic flux will extend in the same direction, 
which means that the magnetic leakage between the magnetic 
flux conductors may be reduced considerably. So-called flux 
fringing in the stator may thus be essentially prevented. 

10 Said sections advantageously form a magnetic flux-conducting 
central section. Further, each magnetic flux conductor may 
comprise at least said central section and two magnetic 
flux-conducting end sections adjoining an air gap between 
the stator and the movable element. Each dividing member is 

15 preferably magnetically insulating along the end sections, 

which prevent magnetic leakage caused by the opposite magne- 
tic flux direction of adjacent permanent -magnet members of 
the movable element. The magnetic insulation may advanta- 
geously be achieved in such a way that each dividing member 

20 forms a space with air along the end sections. The main 

section of said dividing member may be made of magnetically 
conducting iron. 

According to another embodiment of the invention, the two 
2 5 end sections of each magnetic flux conductor are displaced 
in a plane essentially perpendicular to the movement path in 
relation to the end sections of each adjacent magnetic flux 
conductor. 

30 According to still another embodiment of the invention, the 
movable element is adapted to carry out a reciprocating 
motion. Further, the movable element may be connected to at 
least one piston that is movably arranged in a housing. In 
this case, the electrical machine may be arranged to co- 

35 operate with a combustion engine, wherein said housing forms 
a combustion chamber in which the piston is movable back and 
forth. The electrical machine may thus be utilized as an 
electric generator, whereby the movement of the piston is 
substantially achieved with the aid of a combustion process 
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in a manner known per se. In accordance with the principles 
described in WO01/45977, however, electrical energy may be 
fed to the stator of the machine to bring about an exact 
positioning of the piston in the housing when the combustion 
5 is initiated. Thus, the electrical machine may serve, besi- 
des for generating electric power, as a connecting rod for 
the piston. The electrical machine may also be utilized as a 
pure electric motor, for example for driving a piston pump. 

10 According to yet another embodiment of the invention, the 

movable element is adapted to carry out a rotating movement. 
Such a rotating electrical machine may serve and be utilized 
as a motor for driving a vehicle or some other device. The 
high power or torque density makes the electrical machine 

15 suitable, for example, as a wheel motor in a vehicle, that 
is, a motor that is arranged in close proximity to a vehicle 
wheel . 

According to a further embodiment of the invention, the 
20 electrical machine is intended to operate as a generator for 
generating electric power. Because of the high torque densi- 
ty, the machine may be driven relatively slowly, which is an 
advantage in many applications, for example as an electric 
generator in a wind power plant for a rotating electrical 
25 machine or as an electric generator in a wave power plant 
for a linear electrical machine. 

The object is also achieved with the aid of the uses defined 
in claims 26 to 29. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be explained in greater de- 
tail by means of various embodiments, which are shown as 
35 examples only, and with reference to the accompanying draw- 
ings, wherein 
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Figure 1 schematically shows a view of a linear electrical 
machine according to a first embodiment of the in- 
vention . 



5 Figure 2 



schematically shows a longitudinal section view of 
part of a linear electrical machine according to 
the first embodiment. 



Figure 3 shows a cross-section view of a first stator ele- 
10 ment of a linear electrical machine according to 

the first embodiment. 

Figure 4 shows a cross-section view through a second adja- 
cent stator element of a linear electrical machine 
15 according to the first embodiment. 

Figure 5 shows a perspective view of a stator element and a 
dividing member of a stator of an electrical ma- 
chine according to the first embodiment. 



20 



25 



30 



35 



Figure 6 shows an exploded view of a permanent-magnet mem- 
ber and two intermediate members of a movable ele- 
ment of an electrical machine according to the 
first embodiment. 

Figure 7 shows a view of the dividing member of Figure 5. 

Figure 8 schematically shows a view of a rotating electri- 
cal machine according to a second embodiment of 
the invention. 

Figure 9 schematically shows a radial section through a 
first stator element of a rotating electrical 
machine according to the second embodiment. 

Figure 10 schematically shows a radial section through a 
second stator element of a rotating electrical 
machine according to the second embodiment. 
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Figure 11 schematically shows a wind-power application for 
generating alternating current with a rotating 
electrical machine according to the invention. 

5 Figure 12 schematically shows a wind-power application for 

generating direct current with a rotating electri- 
cal machine according to the invention. 

DETAILED DESCRIPTION OF DIFFERENT EMBODIMENTS OF THE 
10 INVENTION 

The present invention relates to an electrical machine of 
the transversal-flux type. The electrical machine comprises 
a stator 1 and a movable element 2. Figure 1 schematically 

15 shows a linear electrical machine 3 according to a first 

embodiment of the invention with a movable element 2 moving 
in relation to the stator 1 back and forth along an essen- 
tially rectilinear movement path extending parallel to the 
axis a. It should be noted that in this application, the ex- 

20 pression linear electrical machine also relates to the case 
where the movable element 2 moves back and forth along an 
arched movement path. 

Figure 8 schematically shows a rotating electrical machine 4 
2 5 according to a second embodiment of the invention with a 
movable element 2 in the form of a rotor rotating around a 
centre axis b, the movement path extending along a circle 
around the centre axis b. In this case, as in the arched 
case above, the term movement path, in the expressions 
30 "across the movement path" and "parallel to the movement 

path", respectively, means the tangent to the movement path 
in the position in question. 

In the following, the first embodiment will first be descri- 
35 bed with reference to Figures 1-7, wherein Figure 2 only 

shows a schematic composition whereas Figures 3-7 show more 
of a possible design. The stator 1 comprises a plurality of 
stator elements 9, 10 (see Fig. 2) and an electric conductor 
that forms a winding 11 extending in an essentially closed 
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winding path, which is schematically indicated in Figure 1. 
The winding 11 extends through each stator element 9, 10. In 
the embodiment shown in Figures 2-7, the essentially closed 
winding path comprises a first essentially rectilinear 
current-carrying section 12 extending essentially parallel 
to the movement path and the axis a, and a second essen- 
tially rectilinear current-carrying section 13 extending 
essentially along the movement path and the axis a (see 
especially Figs. 3 and 4). The two essentially rectilinear 
sections 12 and 13 are connected to each other at the ends, 
as indicated in Figure 1, the winding 11 thus being closed. 

The movable element 2 comprises a number of permanent-magnet 
members 15 (see Figs. 2, 3, 4 and 6), each of which compris- 
ing a primary magnet 16. Each primary magnet 16 has a north 
pole and a south pole and a magnetic direction extending 
from the south pole to the north pole. Thus, the magnetic 
direction of the primary magnets 16 extends essentially 
across the movement path and the axis a, and more precisely 
essentially perpendicular to the movement path and the axis 
a. As will be clear from Figure 2, the permanent -magnet mem- 
bers 15 are arranged in an alternating order in the movable 
element 2 with respect to the magnetic direction of the per- 
manent-magnet members 15. Each permanent-magnet member 15. 
has essentially the same width. Further, the distance be- 
' tween a centre of adjacent permanent-magnet members 15 is 
essentially equal to the distance between a centre of adja- 
cent stator elements 9, 10 of the stator 1. 

In the embodiment shown in Figures 3 and 4, each stator ele- 
ment 9, 10 comprises two magnetic flux conductors 21, 22 and 
23, 24, respectively. Each magnetic flux conductor 21, 22 
and 23, 24, respectively, forms together with one of the 
permanent-magnet members 15 a closed magnetic flux circuit 
25, extending around a respective current -carrying section 
12, 13 of the winding 11 which is indicated by a dashed line 
in Figures 3 and 4. Each magnetic flux conductor 25 thus 
comprises a magnetic flux that is parallel to a plane which 
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is essentially perpendicular to the movement path and the 
axis a. 

The electrical machine thus comprises two types of stator 
5 elements 9, 10. Figure 3 shows a first type of stator ele- 
ment 9 at the very front of the figure with the two magnetic 
flux conductors 21 and 22. Figure 4 shows a second type of 
stator element 10 at the very front of the figure with the 
two magnetic flux conductors 23 and 24. Figure 5 shows the 
10 two types of stator elements 9 and 10 arranged one after the 
other with a dividing member 30 therebetween. The dividing 
member 30 will be explained in greater detail below. 

The first current-carrying section 12 is associated with 
15 essentially a first half of the magnetic flux conductors. 

that is, the magnetic flux conductors 21 and 23, whereas the 
second current-carrying section 13 is associated with essen- 
tially a second half of the magnetic flux conductors, that 
is, the magnetic flux conductors 22 and 24. In the embodi- 
20 ment shown in Figures 1-7, the electrical machine comprises 
two movable elements 2 with permanent-magnet members 15. The 
first movable element 2 cooperates with the magnetic flux 
conductors 21 and 23 and the second movable element coope- 
rates with the magnetic flux conductors 22 and 24. The mag- 
25 netic flux conductors 21, 22 and 23, 24, respectively, are 
arranged in an alternating sequence with respect to the di- 
rection of the magnetic flux in relation to the permanent- 
magnet members in the respective magnetic flux circuit. 

30 It should be noted here that the invention is not limited to 
such an embodiment with two movable elements 2 but it may 
also be realized with only one movable element 2, in which 
case two magnetic flux conductors extend around a respective 
current -carrying section and through the same permanent- 

35 magnet members. Such a principle is shown in WO01/78218 (ABB 
AB) and may very well be applied also to this invention. 

The stator 1 further comprises the above-mentioned dividing 
members 30 {see Figs 2, 5 and 7). Such a dividing member 30 
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is arranged between essentially each pair of stator elements 
9, 10 with magnetic flux conductors 21-24. Each magnetic 
flux conductor 21-24 comprises at least one magnetic flux- 
conducting central section 26, said sections being located 

5 in a line one after the other. This line is parallel to the 
movement path and to the axis a. The magnetic flux of these 
magnetic flux- conducting central sections 26 of each magne- 
tic flux conductor 21-24 extends in essentially the same 
direction, which is clear from Figures 3 and 4 . Each divi- 

10 ding member 30 comprises main sections, which in the embodi- 
ment shown extend along the entire dividing member 30 and 
which comprise a magnetically conducting material, for exam- 
ple magnetically conducting iron. The dividing member 30 and 
the magnetic material will thus extend along the magnetic 

15 flux-conducting central section 26 of the magnetic flux con- 
ductors 21-24. 

Further, each magnetic flux conductor 21-24 comprises two 
magnetic flux-conducting end sections 27 and 28, which ex- 
20 tend inwardly from the central section 26 towards the per- 
manent-magnet member 15 . The intermediate dividing members 
30 are magnetically insulating along the end sections 27 and 
28. This can be achieved by each dividing member 30 forming 
a void or a space with air along the end sections 27 and 28; 
25 cf . especially Figures 3-5, where the two end sections 27 
and 28 of the magnetic flux conductors 21 and 22 are dis- 
placed in a plane essentially perpendicular to the movement 
path and the axis a in relation to the end sections 27 and 
28 of the adjacent magnetic flux conductors 23 and 24. The 
30 space between the end sections 27 and 28 may also be filled 
with a magnetically insulating material. The magnetic flux 
in the central sections 26 of all the magnetic flux conduc- 
tors 21 and 23 lying one after the other and in the main 
sections of all the dividing members 30 arranged there- 
35 between will thus extend in the same direction. Likewise, 

the magnetic flux in the central sections 26 of all the mag- 
netic flux conductors 22 and 24 lying one after the other 
and in the main sections of all the dividing members 30 ar- 
ranged therebetween will extend in the same direction. In 
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this way, the magnetic leakage between the magnetic flux 
conductors 21 and 23 and between the magnetic flux conduc- 
tors 22 and 24, respectively, will be reduced considerably. 
So-called flux fringing in the stator 1 may therefore be 
essentially avoided. 

The movable elements 2 will now be described in greater 
detail. Essentially each pair of adjacent permanent -magnet 
members 15 of each one of the movable elements 2 is separa- 
ted by an intermediate member 40. Essentially each such 
intermediate member 40 comprises, in the embodiment shown, 
two secondary magnets 41 and 42, each of which has a north 
pole and a south pole and a magnetic direction extending 
from the south pole to the north pole. The magnetic direc- 
tion of essentially each secondary magnet 41, 42 extends 
essentially across the magnetic direction of the primary 
magnet 16, and in the embodiment shown perpendicular to the 
magnetic direction of the primary magnet 16. Thus, the mag- 
netic direction of the secondary magnet extends essentially 
parallel to the movement path of the axis a. 

As is clear from Figures 2 and 6, the secondary magnets 41 
and 42 of an intermediate member 40 between two adjacent 
permanent-magnet members 15 are arranged in such a way that 
the first secondary magnet 41 is in the vicinity of the 
north pole of the primary magnet 16 of one permanent -magnet 
member 15 and the south pole of the primary magnet 16 of the 
other permanent-magnet member 15 and such that the second 
secondary magnet 42 is in the vicinity of the south pole of 
the primary magnet 16 of one permanent-magnet member 15 and 
the north pole of the primary magnet 16 of the other perma- 
nent-magnet member 15. 

In the embodiment shown, in addition, each permanent-magnet 
member 15 comprises a first magnetic flux conductor 43 on 
one side of the primary magnet 16 and a second magnetic flux 
conductor 44 on the other side of the primary magnet 16. In 
this way, the secondary magnet 41 of an intermediate member 
40 between two adjacent permanent-magnet members 15 will 
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extend between the first magnetic flux conductors 43 and the 
second secondary magnet 42 between the second magnetic flux 
conductors 44. It should be noted here that the magnetic 
flux conductors 43 and 44 are not necessary. The primary 
5 magnets 15 may, in this case, extend across the whole mov- 
able element 2, that is, each primary-magnet member 16 con- 
sists solely, or essentially solely, of a primary magnet 15. 

Further, each intermediate member 40 of the movable element 
10 2 comprises a layer 50 of a magnetically insulating materi- 
al, which extends around and encloses the two secondary mag- 
nets 41, 42, see especially Figure 6, in the intermediate 
member 40. 



15 Figures 8 to 10 show a second embodiment of a rotating elec- 
trical machine 4. This electrical machine 4 functions in the 
same way as the electrical machine 3 in the first embodiment 
and elements with a corresponding or the same function have 
been given the same reference numerals in the two embodi- 

20 ments. Winding 11 in this embodiment comprises only one 

current-carrying section 12 extending around the rotor 2 and 
through each stator element 9, 10. Each stator element 9, 10 
comprises a magnetic flux conductor 21, 23 for a magnetic 
flux extending in parallel with an essentially radial plane 

25 with respect to axis b. Also the rotating electrical machine 
4 comprises two types of stator elements 9 and 10, which is 
clear from Figures 9 and 10. The magnetic flux conductors 21 
and 23 form together with a respective permanent-magnet mem- 
ber 15 a magnetic flux circuit 25 extending in parallel with 

30 a radial plane. In principle, the permanent -magnet members 
15 have the same composition as in the linear machine 3 but 
are arranged along a circular movement path that is parallel 
to a peripheral line of the robot 2. The rotor 2 comprises a 
support member 60 supporting the peripheral permanent -magnet 

35 members 15. The support member 60 is connected to a shaft 61 
that rotates around an axis of rotation b and that is adap- 
ted to transmit mechanical force to or from the rotor 2 and 
from or to an external device, for example one or more drive 
wheels 92 of a vehicle (see Fig. 1). 
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Figure 1 shows how the electrical machine 3 is able to co- 
operate with a combustion engine comprising a housing 75 and 
two pistons 7 6 which are mechanically freely movable in the 
housing 75. The pistons 76 are connected to the movable ele- 
5 ment 2 and may thus move in a rectilinear reciprocating mo- 
tion in the housing 75 in parallel with the above-mentioned 
movement path and with the axis a. The pistons 76 are not 
mechanically connected to any element for transmission of 
force, for example via a connecting rod and a crankshaft. In 
10 the embodiment shown, two pistons 76 are arranged. It is, 
however, possible to arrange only one piston 76 and, for 
example, replace the second piston by a spring element that 
attends to the reciprocating motion of the movable element 
2. The combustion engine may operate according to principles 
15 of combustion engines known per se. For example, the combus- 
tion engine 1 may be a two-stroke or a four-stroke Otto en- 
gine or diesel engine. The combustion engine may also com- 
prise a so-called HCCI (Homogeneous Charge Compression Igni- 
tion) engine which may be regarded as a mixture between an 
2 0 Otto engine and a diesel engine, whereby a mixture of oxi- 
dizer and fuel is injected into the combustion chamber and 
ignited at high compression by self-ignition. In addition to 
combustion engines with internal combustion, that is, in the 
housing 75, the combustion engine may also comprise external 
25 combustion, for example a Stirling engine. An embodiment re- 
lating to an Otto engine, but which is also applicable to a 
considerable extent to other types of motors, will be de- 
scribed in the following. The housing 75 comprises an in- 
ternal space which in the example shown forms two combustion 
30 chambers 77. For ignition and initiation of an intermittent 
combustion in the respective combustion chamber 77, a spark 
plug 78 may, for example, be arranged. Further, each combus- 
tion chamber 77 may, where appropriate, comprise valve means 
79 or similar means enabling supply of fuel and oxidizer as 
35 well as removal of combustion gases. The mode of operation 
of the valve means 79 during operation of the combustion 
engine is controlled with the aid of a control unit 80 which 
is also adapted to initiate the supply of voltage pulses to 
the spark plugs 78 when combustion is to be initiated. The 
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device also comprises schematically shown sensing members 81 
for sensing the position of the pistons 76 in the housing 
77. The sensing members 81 are connected to the control unit 
80. 

5 

The control unit 80 is adapted, during operation of the de- 
vice, to control the direction of the power exchanged be- 
tween the winding 11 . of the stator 1 and an external elec- 
tric circuit. The external circuit may comprise an energy- 
10 storing member in the form of, for example, a battery 91, a 
current consumer in the form of one or more drive motors 4 
for driving wheels 92 of a vehicle 93. The power exchange,' 
which varies with the time and the movement of the movable 
element 2, is illustrated in Figure 1 by the arrows P and 
15 p\ As will be clear, the combustion engine will generate an 
active power P, the mean value of which, in accordance with 
the object of the combustion engine, is considerably greater 
than the active power P' that is fed back with the aid of 
the winding 11 of the stator 1 to influence and position the 
20 pistons 76. The control unit 80 is thus adapted to control 
the magnitude of the power P, P' in the two directions in a 
continuous manner. It should also be noted that the control 
unit 80 is dimensioned and adapted for feeding reactive 
power to the winding 11 of the stator 1, which is illustra- 
25 ted by the arrow Q. In this way, the peak power may be in- 
creased by the reactive power Q to a greater or smaller 
extent achieving the magnetic flux in the winding 11. One 
advantage of the technique according to the invention is 
that the need of reactive power Q from the control unit 80 
30 is smaller than with the prior art method, that is, the con- 
trol unit 80 may be made smaller. The control unit 80 com- 
prises a first converter 94 which is connected, with a first 
connection side, to the winding 11 of the stator 1 via the 
connection line 95 and which is connected, with a second 
35 connection side, to a first connection side of a second con- 
verter 97 via an electrical connection. The second converter 
97 is connected, with its second connection side, to the ex- 
ternal circuit, here represented by the drive motors 4 via 
the connection lines. The first converter 94 may, for exam- 
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pie, be an AC /DC converter and the second converter 97 a 
DC/AC converter. The invention is not limited to these types 
of converters but these may be of all types available, that 
is, AC/DC, DC/AC, DC/DC or AC/AC. With the aid of the con- 
verters 94 and 97, the supply of the active power and of the 
reactive power is made possible. 

Further, the control unit 80 comprises a third converter 99 
which is connected, with a first connection side, to the 
second connection side of the first converter 94, and which 
is connected, with a second connection side, to the external 
circuit, here represented by the energy-storing member 91. 
In the example shown, the third converter 99 is a DC/DC con- 
verter. Also in this case, of course, other types of con- 
verters may be used. The converters 94, 97 and 99 comprise 
power electronics, preferably with diodes and IGBT valves. 
It should also be noted that two or three of the converters 
94, 97 and 99 may constitute an integrated converter unit. 

In addition, the control unit 80 comprises a computer 100, 
with one or more microprocessors, at least one memory unit 
and suitable members for communication. The computer 100 is 
adapted to control the converters 94, 97 and 99 for exchange 
of the active power and the supply of the reactive power to 
the winding 11 of the stator 1. Further, in the example 
shown, the computer 100 is connected to the spark plugs 78 
and the valve members 79. The computer 100 receives signals 
from a large number of different sensors and sensing members 
of the combustion engine 1 and the vehicle. In the example 
shown, this is illustrated by the position-sensing member 81 
only. With the aid of signals from the various sensing mem- 
bers and with the aid of software, the combustion engine and 
its mode of operation are illustrated in the computer 100. 
This software may be stored in the computer 100 or be re- 
ceived from an external computer source via some data commu- 
nication system. 



It should be noted that a corresponding control unit 80 may 
also be utilized for controlling power to and from the rota- 
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ting electrical machine 4 according to the second embodi- 
ment . 

Figure 11 schematically shows how the rotating electrical 
5 machine 4 in Figures 8-10 may be utilized in an application 
for generating alternating current in a wind power plant. 
The electrical machine 4 is connected, via the shaft 61, to 
a wind power propeller 110. A gearbox 111 may possibly be 
arranged between the propeller 110 and the electrical ma- 
10 chine 4 for adjusting the speed. The electrical machine 4 
may be connected into an electric ac network 112. 

Figure 12 schematically shows, in a manner similar to that 
in Figure 11, how the electrical machine 4 in Figures 8-10 
15 may be utilized in an application for generating direct cur- 
rent in a wind power plant. Here, the electrical machine 4 
may be connected to an electric dc network 113, possibly via 
suitable rectifier equipment 114. 



20 The invention is not limited to the embodiments shown but 

may be modified and varied within the scope of the following 
claims . 
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1. An electrical machine of the transversal-flux type, 
comprising 

- a stator (1) comprising a plurality of stator elements 
(9, 10) with magnetic flux conductors (21-24) and an elec- 
tric conductor forming a winding (11) extending in an essen- 
tially closed winding path through each magnetic flux con- 
ductor (9, 10) , and 

- a movable element (2) which comprises a number of perma- 
nent-magnet members (15) and which is movable in relation to 
the stator (1) along a movement path, 

wherein the essentially closed winding path (11) comprises a 
first current-carrying section (12) extending essentially 
along the movement path, 

wherein each magnetic flux conductor (21, 23) is adapted to 
form, together with one of said permanent-magnet members 
(15) , a closed magnetic flux circuit (25) extending around 
said current-carrying section (12), 

wherein each permanent-magnet member (15) comprises a prima- 
ry magnet (16) that has a north pole and a south pole and a 
magnetic direction extending from the south pole to the 
north pole and essentially across the movement path, and 
wherein the permanent -magnet members (15) are arranged in an 
alternating order in the movable element with respect to the 
magnetic direction of the primary magnet (16), 
characterized in that adjacent permanent -magnet members (15) 
of the movable element (2) are separated from each other by 
an intermediate member (40) comprising at least one 
secondary magnet (41, 42) which has a north pole and a south 
pole and a magnetic direction extending from the south pole 
to the north pole and essentially across the magnetic 
direction of the primary magnet (16) . 

2. An electrical machine according to claim 1, characterized 
in that the magnetic direction of the secondary magnet (41, 
42) extends essentially parallel to the movement path. 
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3. An electrical machine according to claim 2, characterized 
in that each intermediate member (40) of the movable element 
(2) comprises two secondary magnets (41, 42). 

4. An electrical machine according to claim 3, characterized 
in that secondary magnets (41, 42) of an intermediate member 
(40) between first and second adjacent permanent -magnet mem- 
bers (15) are arranged in such a way that the first second- 
dary magnet (41) is in the vicinity of the north pole of the 
primary magnet (16) of the first permanent -magnet member and 
the south pole of the primary magnet (16) of the second per- 
manent-magnet member (42) and so that the second secondary 
magnet (42) is in the vicinity of the south pole of the pri- 
mary magnet (16) of the first permanent-magnet member and 
the north pole of the primary magnet (16) of the second per- 
manent-magnet member. 

5. An electrical machine according to any of claims 3 and 4, 
characterized in that each intermediate member (40) of the 

20 movable element comprises a layer (50) of a magnetically in- 
sulating material outside the two secondary magnets (41, 
42) . 

6. An electrical machine according to any of claims 3 and 4, 
25 characterized in that each permanent-magnet member (15) com- 
prises a first magnetic flux conductor (43) on one side of 
the primary magnet (16) and a second magnetic flux conductor 
(44) on the other side of the primary magnet (16). 

30 7. An electrical machine according to claims 3 and 6, 

characterized in that the secondary magnets (41, 42) of an 
intermediate member (40) between two adjacent permanent- 
magnet members (15) are arranged in such a way that the 
first secondary magnet (41) extends between said first 

35 magnetic flux conductor (43) of the two permanent -magnet 
members (15) and so that the second secondary magnet (42) 
extends between said second magnetic flux conductor (44) of 
the two permanent-magnet members (15) . 
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8. An electrical machine according to any of the preceding 
claims, characterized in that the magnetic direction of said 
secondary magnet (41, 42) is essentially perpendicular in 
relation to the magnetic direction of the primary magnets 

5 (16). 

9. An electrical machine according to any of the preceding 
claims, characterized in that each magnetic flux circuit 
(25) comprises a magnetic flux that is parallel to a plane 

10 which is essentially perpendicular to the movement path. 

10. An electrical machine according to any of the preceding 
claims, characterized in that the distance between a centre 
of adjacent permanent -magnet members (16) is essentially 

15 equal to the distance between a centre of adjacent magnetic 
flux conductors (21-24) of the stator (1) . 

11. An electrical machine according to any of the preceding 
claims, characterized in that the magnetic flux conductors 

20 (21-24) of the stator are arranged in an alternating order 
with respect to the direction of the magnetic flux in re- 
lation to the permanent -magnet members (15) in the respect- 
ive magnetic flux circuit (25) . 

25 12. An electrical machine according to any of the preceding 
claims, characterized in that the essentially closed winding 
path comprises a second current-carrying section (13) exten- 
ding essentially parallel to the movement path. 

30 13. An electrical machine according claim 12, characterized 
in that the first current -carrying section (12) of the win- 
ding path is associated with essentially a first half of the 
magnetic flux conductors (21, 23) of the stator (1) and the 
second current-carrying section (13) of the winding path is 

35 associated with essentially a second half of the magnetic 
flux conductors (22, 24) of the stator (1). 



14. An electrical machine according claim 13, characterized 
in that the permanent-magnet members (15) of the movable 
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element are adapted to cooperate with those magnetic flux 
conductors (21, 23) of the stator which are associated with 
the first current-carrying section (12), and those magnetic 
flux conductors (22, 24) of the stator (1) which are associ- 
5 ated with the second current-carrying section (13). 

15. An electrical machine according to any of the preceding 
claims, characterized in that each magnetic flux conductor 
(21-24) comprises at least one magnetic flux-conducting sec- 

10 tion (26), wherein said sections of each magnetic flux con- 
ductor are arranged in a line one after the other which is 
parallel to the movement path, wherein the magnetic flux oE 
said section (26) of each magnetic flux conductor (21-24) 
extends in essentially the same direction and wherein a di- 

15 viding member (30) is arranged between each pair of adjacent 
magnetic flux conductors (21-24) and comprises main sections 
which comprise a magnetically conducting material and which 
extend along said section (26) . 

20 16. An electrical machine according to claim 15, 

characterized in that said sections (26) form a magnetic 
flux-conducting central section. 

17. An electrical machine according to claim 16, 

25 characterized in that each a magnetic flux conductor (21-24) 
comprises at least said central section (2 6) and two magne- 
tic flux- conducting end sections (27, 28). 

18. An electrical machine according to claim 17, 

30 characterized in that each dividing member (30) is magneti- 
cally insulating along the end sections (27, 28) . 

19. An electrical machine according to claim 18, 
characterized in that each dividing member (30) forms a 

35 space with air along the end sections (27, 28) . 

20. An electrical machine according to any of the preceding 
claims, characterized in that the main section of said divi- 
ding member (30) is made of a magnetically conducting iron. 
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21. An electrical machine according to any of the preceding 
claims, characterized in that the two end sections (27, 28) 
of each magnetic flux conductor (21-24) are displaced in a 
plane essentially perpendicular to the movement path in re- 

5 lation to the end sections (27, 28) of each adjacent magne- 
tic flux conductor (21-24) . 

22. An electrical machine according to any of the preceding 
claims, characterized in that the movable element (2) is 

10 adapted to carry out a reciprocating motion. 

23. An electrical machine according to claim 22, 
characterized in that the movable element (2) is connected 
to at least one piston (76) that is movably arranged in a 

15 housing (75) . 

24. An electrical machine according to claim 23, 
characterized in that the electrical machine (3) is adapted 
to cooperate with a combustion engine, whereby said housing 

20 (75) forms a combustion chamber (77) in which the piston 
(7 6) is movable back and forth. 

25. An electrical machine according to any of claims 1 to 
21, characterized in that the movable element (2) is adapted 

25 to carry out a rotating movement. 

26. Use of the electrical machine (3, 4) according to any of 
claims 1 to 22 and 25 as a generator for generating electric 
power . 

30 

27. Use according to claim 26, wherein said generator is 
adapted to constitute a component in one of a wind power 
plant and a wave power plant. 

35 28. Use of the electrical machine (3, 4) according to any of 
claims 1 to 22 and 25 as a motor for generating mechanical 
power . 
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29. Use according to claim 28, wherein said motor is adapted 
to form a drive motor (4) in a vehicle (93) . 
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